To better understand excitation-contraction coupling in cardiac muscle, we binding sites over the postnatal period (2.1-fold versus 1.35-fold, respectively). After equilibration of microsomal fractions in density gradient, ryanodine receptors were characterized by a heavy distribution pattern that did not change appreciably between days 1 and 30 after birth.
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In neonatal tissue, 1,4-dihydropyridine receptors were found mainly in low-density subfractions, together with other sarcolemmal constituents, whereas in adult tissue, they were recovered predominantly in high-density subfractions, together with ryanodine receptors. Thus, after birth, and in parallel with the development of T tubules, there was a progressive concentration of L-type Ca2' channels in junctional structures of high equilibrium density, where they were situated close to the Ca2+ release channels of the sarcoplasmic reticulum. In adult ventricle, L-type channels were, on an average, threefold more abundant in T tubules than in external sarcolemma. In parallel mechanical studies, we found that the inhibitory action of ryanodine on systolic contraction was much more pronounced in adult than in neonatal right ventricle, and that, conversely, neonatal tissue was more sensitive than adult tissue to inhibitors of L-type channels. We conclude that, in view of the presumed mechanism of Ca2' release from the sarcoplasmic reticulum, that is, Ca2+-induced Ca2+ release, the predominant localization in adult rat ventricle of the major Ca2' entry pathway in the vicinity of the Ca2+ release pathway is of great functional significance. Furthermore, owing to the relative stoichiometry of Ca21 entry and Ca2+ release channels in junctional structures (about 1: 9), a physical link between these channels is not likely to be involved in the modulation of Ca2+ release from the sarcoplasmic reticulum in In mammalian ventricle, most of the Ca'+ that activates the myofilaments is released from the SR Ca'+ stores.5 T tubules are expected to play a particularly important role in excitation-contraction coupling in rat ventricle, where, as shown by Page and Surdyk-Droske,6 50% of the membrane surface area of T tubules is engaged in dyadic junctions with the terminal cisternae from which SR Ca'+ release occurs (see Fill and Coronado7) . The T-tubular system becomes clearly detectable only 2 or 3 weeks after birth,8'9 and it is likely that the development of the T-tubular junctional domain somehow is connected with the functional changes occurring in the postnatal period. To shed light on this question, we studied two key constituents involved in excitation-contraction coupling-sarcolemmal voltage-dependent Ca21 channels and SR Ca2' release channels-over the postnatal period. By means of appropriate radioligands, ['H](+)-PN200-110 for sarcolemmal 1,4-dihydropyridine-sensitive channels10 and ['H]ryanodine for SR channels,7 we compared the number of channels in neonatal and adult tissue, and we analyzed by density gradient centrifugation the postnatal evolution in the distribution of sarcolemmal and SR Ca2' channels. We observed that the number of ryanodine receptors increased distinctly more than that of 1,4-dihydropyridine receptors after birth and that, concomitantly, a shift occurred in the subcellular localization of sarcolemmal Ca2' channels, reflecting their progressive concentration in T-tubular areas physically linked to junctional SR. These changes in channel surface density and localization are likely to be involved in the profound modifications in excitation-contraction coupling observed over the same period, as reflected in the inotropic response of ventricular muscle to ryanodine and inhibitors of voltage-dependent Ca2+ channels.
Materials and Methods

Subcellular Fractionation
Twenty-five to 50 neonatal Wistar rats, seven to 25 30-35-day-old young rats, or two to 20 male 2-4-month-old adult rats were used in each experiment. Ventricles collected in warm, oxygenated Ringer's solution were homogenized in 3-5 vol ice-cold solution (mM: sucrose 250, histidine 2, dithioerythritol 2, phenylmethylsulfonyl fluoride 0.2, and EDTA 0.2, pH 7.3)11 by means of an Ultra-Turrax (Janke and Kunkel KG, Staufen i. Br., FRG) with three 5-second bursts at 9,000 rpm followed by a 1-second burst at 20,000 rpm. After centrifugation at 1,OOOg for 10 minutes, the supernatant was collected, and the pellet was resuspended with a Dounce homogenizer. This suspension was recentrifuged at 1,OOOg, and the pellet was submitted to two additional cycles of resuspension and centrifugation under the same conditions. The washed pellet was resuspended in 0.25 M sucrose buffered at pH 7.4 with 5 mM Tris-HCI (buffered sucrose) and was designated N fraction. The combined supernatants were centrifuged at 10,OOOg for 20 minutes in a TFT 50.38 rotor (Kontron AG, Zurich, Switzerland), and the pellet was washed once by resuspension and recentrifugation. The washed pellet, resuspended in buffered sucrose, was designated M fraction. The combined supernatants were centrifuged at 110,OOOg for 35 minutes, and the microsomal pellet was resuspended in buffered sucrose (P fraction).
In some experiments, this microsomal fraction was subfractionated on a linear sucrose gradient, essentially as described previously.12 After overnight centrifugation at 100,OOOg, 10 fractions were collected from the gradient, and their density (at 0°C) was determined by refractometry. Density frequency histograms were constructed as described by Beaufay and Amar-Costesec. 13 Binding and Biochemical Assays As illustrated in Figure 6 , in which distribution patterns from neonatal (2-3 days) and young (30) (31) (32) (33) (34) (35) . Subfractionation of microsomal fractions from adult rat ventricle by density gradient centrifugation. Density frequency histograms shown in left and rightpanels were obtained from young (30) (31) (32) (33) (34) (35) In adult heart, the inhibitory action of 100 nM ryanodine was still increasing after 40 minutes. When incubation was prolonged for up to 3 hours, systolic tension eventually was almost totally inhibited by 100 nM ryanodine (Figure 8) . At Under our assay conditions, we have not been able to detect a second, low-affinity binding site, as reported in some studies. 25, 26 In agreement with previous investigators2027 who used [3H]nitrendipine, we did not observe any modification in the affinity of the 1,4-dihydropyridine receptors over the postnatal period. The number of 1,4-dihydropyridine receptors in the sum of particulate fractions increased somewhat when referred to 1 g tissue ( [3H]Ouabain binding measured at a concentration of 25 nM decreased markedly between days 13 and 30 (Table 3) . At this concentration, binding in adult and neonatal heart should be predominantly to a highaffinity Na+,K+-ATPase isoform (a2 or a3 isoform), even though the low-affinity al isoform is the most abundant Na+,K+-ATPase isoform in cardiac tissue.15,2829 Our results agree with those of Charlemagne et al, 28 showing a twofold higher number of high-affinity sites (expressed in picomoles per milligram protein) in sarcolemmal preparations from neonatal rat heart as compared with adult heart. In this study, we made no attempt to fully characterize high-and low-affinity [3H]ouabain binding sites in our membrane fractions.
Density Distributions of Receptor Sites in Adult and Neonatal Ventricle The postnatal changes in the subcellular localization of 1,4-dihydropyridine and ryanodine receptors were investigated by subfractionating microsomal fractions in sucrose density gradient. The choice of microsomes as starting material was guided by the conflicting requirements of adequate sampling and partial purification (which improved the signal-tonoise ratio in binding measurements). Microsomal fractions indeed contained a fair proportion (25-50%) of reasonably purified (fourfold to fivefold) receptors (Table 2) . On the whole, the composition of the microsomal fractions obtained from adult and neonatal tissue appears similar, except that the percentage yield of constituents was higher in the microsomal fraction from neonatal tissue. It is likely that this higher yield is related to the less tough structure of the neonatal ventricle.
The (Figure 6 ). The proportion of 1,4-dihydropyridine receptors associated with dyadic structures in microsomal fractions from adult rat ventricle can be estimated to 75%, as illustrated in Figure 9 . In this figure, we In Table 5 , we have estimated the surface density of 1,4-dihydropyridine and ryanodine receptors in the relevant membrane domains of adult rat cardiomyocytes from the results shown in Table 3 and from the available morphometric data.6,37 In this calculation, we extrapolated to the whole homogenate the 25%/75% partition of 1,4-dihydropyridine receptors observed in gradient experiments on microsomal fractions. This extrapolation, though somewhat speculative because the microsomal fraction from adult tissue contains no more than 25% of the total number of receptors, seems reasonable, as the stoichiometric ratio of 1,4-dihydropyridine to ryanodine receptors is the same in the microsomal fraction and in the whole homogenate (Table 2 ). Thus, assuming that the junctional complexes have not been disrupted during homogenization of the tissue, 75% of the 13.5 pmol of 1,4-dihydropyridine receptors found In 1-day-old rats, the external surface of myocardial cells in left ventricle is higher than in adult rats and has been estimated to be 0.46 giM2 _ ,um-3 tissue. 4 We found that the number of 1,4-dihydropyridine receptors in neonatal ventricle was 10 pmol. g`1 tissue (Table 3) . Therefore, the average number of receptor sites per unit membrane surface area would be about 13 gm 2, a value identical to that estimated for the external sarcolemma in adult ventricle. This estimate, which should be taken as an upper limit (see above), is somewhat higher than the surface density (0.5-5 Am 2) of voltage-dependent Ca 2 channels in cardiac cells from neonatal rats. 43 As shown in According to our data, this stoichiometric ratio would be much lower (approximately 0.1) in the junctional T-tubular domain of rat ventricle.
Functional Implications
Postnatal changes in receptor number and localization are accompanied by profound modifications in excitation-contraction coupling, as evidenced by changes in the sensitivity of systolic contraction to external Ca`4 (see Reference 2) and to modulators of Ca'2 channels (Figure 7) . Our contractility data agree with those reported recently by Tanaka and Shigenobu46 on rat papillary muscle. These authors observed that both ryanodine and the calcium antagonist nicardipine were able to completely inhibit systolic contraction of adult tissue, whereas in neonatal tissue, part of the contraction (approximately 40%) was resistant to ryanodine. Moreover, neonatal tissue displayed a lower sensitivity to ryanodine than adult tissue but a higher sensitivity to nicardipine 
